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SUMMARY 

Pr “ e ifi e e C “ Te °! the rt G ° ddard SpMe Fli S ht Center's Meteorological Sounding Rocket 
... UnC an °P eratl °n of sounding rocket experiments for making synoptic 

and to related” S PhyS ‘ Cal parameters °‘ atmosphere between 60 and 150 km 

Tve Id t, r aSUrementS tD ‘ h0Se ° bta ‘ neCl fr ° m conducted directly 

d below this region. In the pursuit of this objective, approximately 50 soundings 

per year are made of the stratosphere, mesosphere and lower thermosphere utiUzing 

primarily rocket grenade and pitot-tube experiments. It has been recognized that the 

terZ teChn ‘r ° f£erS S ° me P ° tenUaI a ^ v antage over these other techniques in 
economy and operational flexibility provided that the basic accuracy of the 

dMa h e ave eC b " T 6StaWiShed “ d Opportunities to obtain comparative 

ata have been sought, most recently utilizing a sphere which is deployed from a pod 

mounted to the tail-fin assembly of a Nike Cajun or Nike Apache rocket carrying either a 

grenade or pitot-tube experiment. The experiments conducted thus far indicate a „ aver 

age density difference of 3 percent above 70 km where tee fall rate of tee sphereTs 

supersonic and 8 percent below 70 km where tee fall rate is subsonic. The difference 

tz : izr" r iargeiy random ^ th * --«*• *■ ~> ^ 

below 70 km the sphere yields results which are consistently closer to tee standard atmo 
sphere than the results of either the grenade or tee pitot-tube experiments 

INTRODUCTION 

The potential advantages of the falling sphere experiment over other techniques for 
mesospheric and lower thermospheric soundings have been recognized for many years 
The sensor cost is small when compared with payload instrumentation required to con- 
duct grenade or pitot-tube experiments. The small volume and weight required permit 
tee consideration of a less expensive rocket delivery system. The simplicity of the“r 
borne porbon of the system would mean an inherently reliable system. In spite of these 
potential advantages, tee sphere system has not been widely incorporated as a tool in 
ASA s research program owing largely to the fact teat we have not yet developed confi 
dence in the accuracy or tee repeatability of tee sphere experiment. For tee past decade 
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earlier work have been reported by Jones and Peterson (ref. 1). 

The "strap-on" version of the sphere experiment is an inflatable, 26 '™ C k' d ^j*® r 
, snhere It is carried aloft on a Nike Cajun or Nike Apache rocket wi, during the 
: s e e : poruon of»e flight, is housed in a cylindrical pod which is about if inches .n 
diameter and about 2!li Inches long. The mounting arrangement is shown in figu ■ 
Each pod (two are required to baiance die aerodynamic drag, is capable o housing 

r 

ejection system is fired and the sphere is expelled rearward out of P • 

~z:zs rrr - ;rr^rrr. - 

flight have been tracking the rocket, are then switched to track the sphere. 

During 1968 inflatable spheres were successfully deployed from three rockets 

O, the university of Michigan con(tacted [rom Wallo p S Is ,and 

(0 d e ‘;, Fe dSr ws“l6 17or FPQ-6 radar systems in order to track the spheres. 

irreC^vrer^ 

been an uncertain factor in comparisons of two or more techniques. 

results 
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in the 4th plot the sphere data are compared with a pitot -tube experiment. If one takes 
an average of the absolute value of the difference over the entire height range, one finds 
that the sphere data agree with those from other techniques within about 6 percent. Fur- 
ther, one finds that the two techniques display different characteristics above and below 
70 km. Above 70 km, where both the grenade and pitot-tube error functions are increasing 
slightly with altitude, the difference between the sphere data and those from other tech- 
niques is only about 3 percent. Below 70 km, the average difference between the data 
from the spheres and the other techniques is about 8 percent. Whereas the 3 percent 
difference above 70 km appears to be largely random in nature, the 8 percent difference 
below 70 km appears (within the confidence level that can be obtained with 3 samples) to 
be biased in a consistent manner. That is, the sphere data consistently show less devia- 
tion from the standard atmosphere than do those from the other techniques. Presuming 
that the data from these experiments are not coincidental, an additional examination of 
the sphere data handling and reduction appears warranted in an attempt to remove the 
bias in the subsonic regime, as has apparently been done in the supersonic regime 
above 70 km. 

The density data are used in the falling sphere experiment to derive temperatures. 
These temperatures are compared with the temperatures measured by the grenade and 
derived from the pitot-tube experiment in figure 3. Since the sphere temperatures are 
derived by a differentiation process, the temperature differences do not automatically 
"track" the density differences. However, the gross features emerge. In the firing con- 
ducted on 1 February, the region where the density comparison is very good, naturally, 
yields the best temperature comparison, an average difference of 4° K. The two firings 
in July, in which grebade densities are greater than sphere densities, yield sphere tem- 
peratures which tend to be higher than the grenade temperatures. The pitot-tube and 
sphere temperatures are consistent j the pitot-tube densities are lower than the sphere 
densities, which results in a lower sphere temperature. The average temperature dif- 
ference between the four experiments conducted is 7° K. 

The zonal and meridional components of wind are shown in figure 4 for the three 
grenade and sphere experiments. The pitot -tube experiment, which was the 4th experi- 
ment in the density and temperature comparisons, does not have a wind measuring capa- 
bility. In general, the wind profile from the falling sphere displays a greater amount of 
small-scale structure. This is a predictable result, since the grenade experiment aver- 
ages the winds over a 2 or 3 km layer. The averaging process would be expected to 
increase the difference between the two techniques to a greater extent with winds than 
with the other parameters due to the more variable nature of the winds. In spite of this, 
the average difference between the grenade and sphere winds is about 6 meters per sec- 
ond. Contrary to the density data, the agreement is very good (differences of only 2 to 
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3 meters per second) at 60 km and below, with the differences increasing to 10 to 
15 meters per second between 60 and 70 km. 

CONCLUSIONS 

The results of the four sphere and grenade or pitot-tube experiments are summa- 
rized in figure 5. The salient features of this figure are: 

1. Sphere winds which show very good agreement with grenade winds at 60 km and 
below, and fair agreement at 65 and 70 km. 

2. Sphere temperatures which on the average differ 7° K from grenade and pitot- 
tube experiments. The recognized error in the grenade and pitot-tube experiment 
accounts for 1.5 to 4° of the total difference. 

3. Sphere densities which are closer by about 6 percent to the standard atmosphere 
than densities derived from either grenade or pitot-tube experiments. The agreement 
above 70 km is markedly better than below. 

It is further offered that the primary obstacle toward the incorporation of the 
falling sphere experiment in a program of synoptic measurements rests not with the 
accuracy of the data, but with the requirement for an FPS-16 radar system or one that is 
better. It is for this reason that GSFC is currently investigating the concept of utilizing 
the relatively low-cost doppler tracking systems with the relatively low-cost falling 
sphere payload through the use of a transponder sphere. 
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Figure 1.- Tail-fin assembly of an Apache rocket showing one of the pods containing an 

ejectable sphere. 
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Figure 2.- Density data, in terms of percent of deviation from 1962 U.S. Standard 
Atmosphere, as derived from sphere and grenade or pitot-tube experiments 
versus altitude. 
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Figure 3.- Temperature data as derived from sphere and grenade or pitot-tube 

experiments versus altitude. 
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Figure 4.- Wind data, in meridional and zonal components, as derived from 
sphere and grenade experiments versus altitude. 


100 



DENSITY DIFFERENCE (%) 



TEMPERATURE 
DIFFERENCE (°k) 


§§ STANDARD ERROR IN OTHER TECHNIQUES 
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Figure 5.- Summary of density, temperature, and wind data differences. 
The zero -line data are an average of the grenade and pitot tube, the 
cross-hatched area represents the error estimated with these data, and 
the dotted line represents the data from the sphere experiments. 
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